In addition to its inflammatory features, RA is characterised by disturbances of the hormonal and neuroendocrine network.6 Whether these disturbances are secondary phenomena or represent an initiating event, remains unclear.
The problems of intervening in the complex processes of RA According to the model described above, very early intervention would reduce the problems of complexity encountered increasingly in late stage disease. In particular, treatments directed against the presentation of (auto?) antigens to T cells should be advantageous early in the disease. However, in contrast to results with animals, a recent trial of monoclonal antibodies to T cells in early RA failed to substantiate this hypothesis.7 It may be, therefore, that early disease in humans already reflects widespread disturbances to biological networks that, in comparison with early disease stages in animals, are too far advanced to permit such a specifically targeted intervention to be effective, especially as our current strategies may not be sufficiently radical to deplete an effective number of T cells. However, the failure of one approach directed against T cells certainly does not preclude other strategies being effective: non-depleting T cell antibodies, and blocking agents that would prevent lymphocyte trafficking, are under investigation. Cyclosporin shows some effect in late stage disease, and may be even more effective in early disease, but has not yet been fully investigated in this respect.
In advanced RA, the complexity of the biological pathways involved becomes even more relevant. 9 Similarly, relapse of RA has been reported as late as three to four years after bone marrow transplantation for concomitant disease.'0 " Therefore, it would make much more sense to counteract such activating triggers, rather than blocking 'downstream' cytokines or a self perpetuating network. However, despite intensive research into the activation of the monocyte-macrophage system in RA, the nature of the triggers leading to these events is not clear.
It is possible, also, that clinical studies might fail to demonstrate superior efficacy of a treatment because of the diversity of causative factors. What is called RA most probably represents a spectrum of different diseases caused by different mechanisms; this may be particularly pertinent to the seronegative variety of the disorder. Reports of an average response in statistically evaluated studies may therefore miss a meaningful response in certain subsets of patients that may be overlooked when evaluating the patient population as a whole. Whether this diversity of causative factors has important implications for treatment may be answered once we are able to compare cytokine profiles in individual patients, especially with regard to certain HLA backgrounds.
The cytokine network is extremely complex and far from being understood. Therapeutic interventions in this network are much more difficult to understand than interventions in the endocrine system network. Today's knowledge is only crude, as we often describe the interaction of just two cytokines in our experiments. How can we describe a system of 15 cytokines (or may be more?) that all influence each other, especially in vivo? Mathematical models have been successfully applied to problems in the field of immunology;"2 such an approach might become a useful tool in the increasingly complex field of immunological research, notably in the study of cytokines.
Highly specific versus combined treatments?
Currently, highly selective treatments such as monoclonal antibodies directed against cell surface constituents, fusion toxins against cell activation markers, cytokines and cytokine inhibitors are under investigation for the treatment of RA."' However, most of the results reported to date have been from open trials (phase 1 studies). Controlled studies with antiTNFa are promising,"' while controlled trials evaluating anti-CD4,7 oral tolerisation,'5 and interferon gamma'6 '7 had difficulty demonstrating a relevant benefit. Furthermore, these medications still await comparison with standard treatments such as intramuscular gold or methotrexate (MTX). Although all specific drugs are highly effective in animal models, transfer to humans has had no or only partial success. This discrepancy has not been fully elucidated, but suggests either that RA is too complex to be targeted effectively by a single specific agent, or that we have not yet identified the appropriate target.
Whether combinations of specific drugs are advantageous over 'broad spectrum' drugs such as we are using now remains unanswered, but will fuel research in forthcoming years. As combining many highly specific drugs is an option not yet available, combined treatmen-ts using conventional drugs are currently being studied intensively, encouraged by new results. Combination of MTX with sulphasalazine has been shown to be superior to MTX alone, '8 and the addition of cyclosporin improved their disease in at least a significant number of patients with primary or secondary failure of MTX treatment.'9 Moreover, new data have revealed triple treatment (MTX-sulphasalazine-hydroxychloroquine) to be particularly promising.20 With respect to specificity, combinations of conventional drugs represent the other extreme compared with highly selective biological agents. The fact that one of the most effective treatment strategies comprises combining drugs that each have unknown therapeutic actions when used alone, reflects how difficult-if not impossible-it currently is to target the available treatments towards specific inflammatory mechanisms.
Summary
The complexity of RA challenges our search for a better understanding of the interconnected networks. Early treatment will certainly avoid some of the problems presented by the complexity of the disease, and combined treatments seem advantageous for advanced disease. The complexity of overt RA will probably not allow a single agent to exert superior efficacy. Unless a treatable infectious cause is identified, a magic bullet, though theoretically possible, might not exist in reality, in particular if the disease is advanced.
